Abstract Most social primates live in cohesive groups, so travel paths inevitably reflect compromise: decision processes of individuals are obscured. The fission-fusion social organisation of the chimpanzee, however, allows an individual's movements to be investigated independently. We followed 15 chimpanzees (eight male and seven female) through the relatively flat forest of Budongo, Uganda, plotting the path of each individual over periods of 1-3 days. Chimpanzee movement was parsed into phases ending with halts of more than 20 min, during which individuals fed, rested or engaged in social activities. Males, lactating or pregnant females and sexually receptive females all travelled similar average distances between halts, at similar speeds and along similarly direct beeline paths. Compared to lactating or pregnant females, males did travel for a significantly longer time each day and halted more often, but the most striking sex differences appeared in the organisation of movement phases into a day's path. After a halt, males tended to continue in the same direction as before. Lactating or pregnant females showed no such strategy and often retraced the preceding phase, returning to previously visited food patches. We suggest that female chimpanzee movements approximate an optimal solution to feeding requirements, whereas the paths of males allow integration of foraging with territorial defence. The 'continually moving forwards' strategy of males enables them to monitor their territory boundaries-border checkingwhilst foraging, generally avoiding the explicit boundary patrols observed at other chimpanzee study sites.
Most studies of movement by primates have analysed ranging at a group level because most primate species range as cohesive groups. The ranging behaviour of individual males and females living in a group inevitably represents compromise, as the optimal strategy of an individual must be modified at different times in order to maintain the benefits of grouping (Kummer 1968; Moss 1988; Prins 1996; Couzin et al. 2005) . The decision process of any one animal of either sex is therefore obscured. Here, we investigate the movement paths of individual chimpanzees. Chimpanzees live in dispersed, 'fission-fusion' social groups called communities or unit groups, in which individuals may travel alone or together with others of either sex within the common home range (Wrangham 1979; Goodall 1986; Nishida 1990 ). Temporary sub-groups or 'parties' vary in size and composition, and any one party can persist for a few minutes to many hours. Thus, despite being social animals, the ranging behaviour of an adult chimpanzee is more likely to reflect its personal decisions rather than a group compromise. We can therefore consider how a chimpanzee's navigational capabilities allow it to optimise the goals of daily movement paths and how that affects the overall socio-ecological strategy of males and females.
According to optimal foraging theory, movement strategy should maximise fitness benefits relative to costs, for example by minimising the time and energy spent acquiring adequate nutrition. For mammals, female fitness-measured Communicated by D. Watts as reproductive success-is linked directly to nutritional status due to the high metabolic costs associated with gestation and lactation (Lee 1987) . Male fitness, in contrast, is limited by number of potential mates (Krebs and Davies 1997) . Thus, the life history of female mammals should be primarily aimed at maximising feeding efficiency, whilst males are expected to maximise their access to females (Wrangham 1979; van Schaik 1989; Sterck et al. 1997) . These divergent life histories necessitate differential use of food and other resources, with many species therefore exhibiting sex-specific ranging (Dunbar 1988) .
The observed movement patterns of male and female chimpanzees vary across study sites, presumably as a function of differing ecological constraints (see Lehmann and Boesch 2005) . In general, however, male chimpanzees move over a larger area with longer daily range lengths than lactating females, whilst sexually receptive females (those exhibiting ano-genital swellings) are known to move out of their normal range areas in order to associate with males (Tutin 1979; Goodall 1986; Nishida and HiraiwaHasegawa 1987) . It is currently unclear how lactating females achieve the shorter daily range lengths and what impact this has on the resources they exploit. Compared with males, they might visit fewer resources per day, travel shorter distances between resources, move more slowly between resources or spend less time travelling.
The larger ranges of males are thought to function in allowing territorial defence. At several sites, male chimpanzees cooperate to actively exclude non-community members from their range. Parties of males make 'boundary patrols' in border zones, attacking and sometimes killing males, non-sexually receptive females and/or their infants from neighbouring communities (Wrangham and Smuts 1980; Chapman and Wrangham 1993; Boesch and BoeschAchermann 2000; Watts and Mitani 2001; Sherrow and Amsler 2007) . During these patrols, which are quite distinct from foraging movements, males become silent, walk in single file and do not feed. Although the time and energy male primates expend in active territorial defence undermines their nutritional intake (Strier 2000) , the reproductive success of male chimpanzees is at least partly dependent on their ability to defend the community (Wrangham and Smuts 1980) . Male chimpanzees specifically defend the feeding area rather than females per se: increasing the territory size increases the food availability and therefore the reproductive success of the community females (Williams et al. 2004) . The territorial behaviour of males renders border areas unsafe, however, and it is because of this danger that females tend to avoid the edges of the territory (Chapman and Wrangham 1993; Watts et al. 2002) .
In this study, we compare the movements of individual adult chimpanzees of the Sonso community of the Budongo Forest Reserve, Uganda, a community where boundary patrols have rarely been seen (Reynolds 2005) . Global Positioning System (GPS) was used to construct highresolution maps of individual chimpanzees' movement paths. We parsed each path into 'phases' of movement between potentially important resources, evaluating each movement phase on a series of measurable parameters. We then separately examined the geometry of male and female routes, assessing how phases were structured into each complete movement path, with the aim of deducing the ranging strategies used by individual males and females.
Materials and methods

Study site and subjects
The Budongo Forest Reserve, Uganda, consists of moist, medium-altitude tropical forest covering 793 km 2 (Reynolds 2005) . With an estimated 640 individuals, Budongo holds the second largest population of chimpanzees in Uganda (Plumptre et al. 2003) . The Sonso chimpanzee community, which has been studied continuously since 1990 through the work of the Budongo Conservation Field Station, ranges over an estimated 6.8 km 2 (minimum convex polygon method (MCP); Newton-Fisher 2003) .
Our data were collected between September 2002 and September 2003. By September 2003, the community consisted of 63 named individuals: eight adult and four sub-adult males, 19 adult and three sub-adult females, and 29 juveniles and infants. We followed 15 individual adult subjects, eight male and seven female, over the course of this study. Four of the target females were lactating throughout the study period, and one was gestating at the start of the study and subsequently lactating, having given birth 6 months into the study; two were sexually receptive, but one of these became pregnant during the study (as determined by subsequent birth records), so the sexually receptive female sample size fell from two to one, and the number of females in the lactating/gestating group rose from five to six. The lactating/gestating group is henceforth referred to simply as lactating females. Of the male focal subjects, two were rated as low ranking, two as mid-rank and four as high rank, including the alpha male. One of the high-ranking male subjects died from a spear wound 9 months into the study.
Data collection
We collected data on only one of the 15 subjects at a time (focal animal sampling: Altmann 1974) . During each focal sample period, the target individual was followed continu-ously through the forest for up to three consecutive days, from when it left its night nest at sunrise to when it made another night nest around sunset. We amassed 50 focal animal samples over the study period, with a range of one to six samples per subject (median=4). If the target animal was lost during a focal sample, every attempt was made to regain contact, but if this was not possible after a maximum elapsed time of 120 min, a new focal sample of a different target individual was initiated the following day, that again lasted for up to 3 days. The focal samples ranged from 150 to 1,860 min (31 h, recorded over three consecutive days) in duration, with a mean duration of 700±507 min (11 h 40 min ±8 h 45 min) for males, 874±451 min (14 h 35 min ±7 h 30 min) for lactating females and 1,050±343 min (17 h 30 min ±5 h 45 min) for sexually receptive females. Males were observed at dawn leaving their night nests 21 times, lactating females 12 times and sexually receptive females four times. We recorded continuous nest-to-nest follows on 10 days for males and 7 days for lactating females. Sexually receptive females were only followed continuously from nest to nest on one occasion. We followed the target animal continuously-for at least 8 h without losing it-on 27 days for males, 13 days for lactating females and 3 days for sexually receptive females.
During a focal sample, we recorded the location of the subject every 5 min when it was travelling, using a hand-held Garmin XL GPS device, giving reasonably high temporal and spatial resolution of daily movement paths (the GPS was measured to have an error of up to 14 m, when taking five consecutive readings of the same four locations over a 1-month period). In areas where the forest cover was too thick to maintain reliable GPS coverage, we marked the location of the subject at the same 5-min intervals on a paper map of the forest that showed the numbered trail lines cut through the home range of the community. Trail lines run from north to south and east to west at 100 m intervals. Scan samples recorded every 15 min registered the activities of all the other independent individuals present in the target subject's party throughout the focal sample, allowing us to keep track of the party size, composition and activity. In total, 4,096 scan samples were collected over the duration of the study. Any individual within a 35-m radius of the target individual was considered to be in the same party.
When the subject halted travel for 20 min or more, we marked the time and location of the halt and continuously recorded the subject's behavioural activity (feeding, socialising, drinking, nesting or inactive) on a dictaphone, noting the time of changes in activity state (see "Phases of movement" section below). We recorded the food species and plant part eaten at all feeding halts. 'Social activity' denoted any kind of affiliative or aggressive behaviour involving two or more individuals, and we documented which individuals were involved as well as their actions.
Self-grooming behaviour as well as resting was treated as 'inactivity'. Nesting was recorded when the subject began construction of its night nest.
Movements of the target animal and its party within a 20+ minute halt were not recorded. When the subject was engaged in social activity, nesting, inactive or drinking, we defined the area of the 20+ minute halt as within a 35 m radius of the initial stopping point of the target animal. When the subject was feeding, a 20+ minute halt area was taken to be equivalent to a food patch, i.e. any discrete area where an individual can feed continuously without having to interrupt its food gathering when moving around (White and Wrangham 1988; Chapman et al. 1994 ). This translated as either a single food tree isolated at its crown from any others or adjacent food trees with inter-connecting crowns.
Analysis
Statistical tests were conducted using SPSS (version 12), and circular statistics were conducted using Oriana (version 2). All the hypotheses considered were two-tailed and tested at a significance level of α=0.05. Data were tested for normality and homogeneity of variance before applying parametric tests, and non-normally distributed data were log transformed. The travel phases of all routes recorded were treated as independent; the occurrence of each was separated by at least 20 min, and it is the structuring of each of these individual phases one after the other throughout the day that is of interest here. Therefore, all statistical tests were between subjects, and multivariate analysis of variance (MANOVA) was used where appropriate to avoid the problems of multiple testing.
Daily movement behaviour
We compared the distance travelled per day by males, lactating females and sexually receptive females using a between-subjects ANOVA (sex class by mean daily range length) with Tukey's honestly significant difference post hoc tests. For this analysis, we only used those focal samples where the target individual was observed for at least 8 h consecutively, to avoid the pitfalls of using samples where the target animal had been temporarily lost and subsequently found within 120 min. We examined several variables to assess whether males and females maintain different activity budgets: (a) The time of day target individuals left their night nests, using a betweensubjects ANOVA; (b) the total duration of the day between night rests, using an independent samples t test between males and lactating females; (c) the number of 20+ minute halts per daily follow of at least 8 h, again using an independent samples t test; (d) the time spent engaged in each activity state per day, derived from the 4,096 scan samples, using MANOVA of the four activity types between the three sex classes. Because equal variances were not assumed on this last test, a Dunnett's T3 post hoc test was used.
Phases of movement
We generated digital maps of each subject animal's movement paths using ArcView GIS (version 3.2), with movement between consecutive 5-min location points approximated by a straight line. We parsed each complete movement path of a focal subject into phases, each phase defined as continuous movement ending at a 20+ minute halt. The criterion of a 20+ minute halt was intended to capture the majority of travel halts for feeding or social purposes but to exclude as many inactive pauses as possible, as the latter are unlikely to contribute materially to decisions about travel direction. We reasoned that simply basing our criterion on activity was unlikely to be useful, as chimpanzees may pause briefly yet frequently to eat a fallen fruit or leaf; such pauses would not be an important determinant of their travel routes. We therefore chose to use a time criterion to demarcate movement phases. The specific choice of 20+ minutes was arbitrary, but halts of less than 20 min constituted less than 20% of all halts recorded, and inactivity was observed in 84% of these; moreover, no social or nesting activity was recorded at halts of less than 20 min.
We identified 344 phases of movement between 20+ minute halts: 224 from males, 87 from lactating females and 33 from sexually receptive females. The predominant activity state of the subject at the end of each movement phase was noted, and the distributions were compared using a chi-square test of association. Nesting was only recorded if it was the sole activity observed at the site: if any feeding occurred at the same 20+ minute halt, it was recorded as a food stop.
For each of the 344 movement phases, we calculated three variables: (1) the distance travelled, by summing the distances between all locations recorded at 5-min intervals within one phase; (2) the mean travel speed, by dividing the distance travelled by travel time; time measurements were accurate to 1 min; (3) The linearity, derived by dividing the direct, 'beeline' distance between the start and end locations of the phase by the actual distance travelled along that phase. These variables were skewed so we applied log transformations to better approximate normal distributions.
Movement between resources
We used ArcView GIS to determine the angle turned through between the successive phases of one focal sample, generating 288 inter-phase angles in total. The Rayleigh test was used to determine if the distribution of angles was clumped or uniform, and V tests compared the distribution to a test value, where significant values indicate a distribution clumped around the test value (Batschelet 1981) . The distribution of angles turned through by males, lactating females and sexually receptive females were compared to the test angle of 0°, which represents a continuation in the same direction as that prior to reaching the 20+ minute halt. The angles turned between successive phases were compared between the three sex classes using the non-parametric Mardia-Watson-Wheeler test, which tests for differences between two independent samples. A non-parametric test was necessary as the data violated the assumptions relating to the concentration of angles in each sample that are required for use of the parametric WatsonWilliams test (Batschelet 1981) . Inter-phase angles that fell between the ranges of 0-45°and 315-0°were considered as continuing on the same line as the previous movement phase. In analysing the travel distance and activity state of the subject at the end of these co-linear movement phases, only those where the end point of the co-linear movement was known were included.
Range use
It is known that chimpanzees spend the majority of their time in a relatively small proportion of their range (Boesch and Boesch-Achermann 2000), with estimates of peripheral areas varying from 40% to 65% of the total range (Wrangham and Smuts 1980; Newton-Fisher 2000) . To delineate a boundary between 'central' and 'peripheral' areas, we took a distance of 1 km from the edge of the known-range boundary of the Sonso chimpanzee community (as calculated with the MCP method: Newton-Fisher 2003) . This then separated the central 45% of the community range from the peripheral 55% of the range.
We calculated an estimate of patch size based on the number of individuals that were seen feeding in a patch multiplied by the number of minutes that each was feeding for (White and Wrangham 1988) . We used these estimates to compare the size of food patches in central and peripheral areas as used by males at the end of extended periods of straight-line movement. The average party size of males feeding in central and peripheral areas was compared with an independent samples t test. The number of vocalisations made by male parties travelling in either central or core areas was compared with a 2×2 Fisher's exact chi-square test, counting the number of silent travel phases and the number of travel phases that included a vocalisation when in the central or peripheral areas. To determine whether lactating females turn around in order to avoid the peripheral areas of the community range, we measured the shortest distance from the end of their travel phases to the boundary between the central and peripheral areas. We compared these distances between travel phases where the lactating female subsequently continued to move forwards (inter-phase angle of 315-45°) and those where she turned back on herself (inter-phase angle of 135-225°), using an independent samples t test.
Results
Daily movement behaviour
There were significant differences in the total distances travelled per day by males, lactating females and sexually receptive females (mean daily movement distance ± SD: males=2.7±1.5 km; lactating females=1.2±0.8 km; sexually receptive females=2.2±0.8 km; F 2,42 =5.89; p=0.006). Post hoc tests showed lactating females travelled significantly shorter distances per day than males (p=0.004) but not sexually receptive females (p=0.43). There was no significant difference between the daily range lengths of males and sexually receptive females (p=0.83).
There was no difference in the time of leaving the night nest between males, lactating females and sexually receptive females (mean time leaving night nest ± SD: males= 6.56A.M. ±32 min; lactating females=6.46A.M. ±13 min; sexually receptive females=6.37A.M. ±12 min; F 2,36 =1.31, p=0.28). The sexes did differ in the duration of the active day, however. When followed continuously from nest to nest, males had significantly longer days than lactating females (mean day duration ± SD: males=11 h 34±35 min; lactating females=10 h 57±34 min; t=2.139, df=15, p=0.049). Males made significantly more stops of 20+ minutes per day than lactating females (mean number of stops ± SD: males=6.5±1.8; lactating females mean=4.5± 1.0; t=3.92, df=38, p<0.001). On average, each of the stops made by males were shorter in duration than those of lactating females (mean stop time ± SD: males=60±50 min; lactating females=95±83 min; receptive females=56± 41 min; F 2,315 =9.341, p<0.001; Tukey's post hoc, male/ lactating female p=<0.001; receptive female/lactating female p=0.005). Figure 1 shows the mean percentage time that chimpanzees spent engaged in each activity type. Overall, time budgets did not vary significantly with sex class (F 6,56 = 1.97, p=0.085, Wilks λ=0.681), although post hoc tests show lactating females spent significantly less time travelling than males (p=0.028) and receptive females (p=0.044). Time spent engaged in any other activity did not vary significantly with sex.
Phases of movement
Halts of 20+ minutes were used to define phases of movement. Table 1 shows the mean phase lengths, travel speeds, and linearity values for males, lactating females, and sexually receptive females. Males, lactating females, and sexually receptive females all travelled similar distances in a movement phase, at similar speeds, and in similarly straight lines. There were no significant differences between any of the dependent variables across the three sex classes (F 6,670 =0.88; p=0.513, Wilks λ=0.99).
Male movement phases ended with the subject feeding 68% and socialising 13% of the time, whilst the movement phases of lactating females ended with feeding 84% of the time and socialising only 5%, as shown in Fig. 2 . Thus, movement phases are more food directed in lactating females than in males. This difference in the distribution of activity types at the end of each movement phase was significantly different to that expected by chance (χ 2 =10.1, df=3, p=0.018). Male movement ended with feeding less often and socialising and inactivity more often than expected, whilst lactating female movement phases end with feeding more often and socialising and inactivity less often than expected.
Movement between resources
How do male and female chimpanzees continue along their day's path when they resume moving after a 20+ minute halt? Does movement resume in the same direction as before, begin anew in any direction at random or follow some other principle? To answer these questions, we examined the 288 angles turned between successive movement phases. For males, the mean angle between consecutive phases was 13.2°(circular SD±82.3°). Male inter-phase angles were clumped (Rayleigh test: z=24.4, p<0.001) and clustered around a value of 0°(V test: u= 6.80; n=192; p<0.001). The same pattern was found for sexually receptive females, with a mean inter-phase angle Fig. 3 ). Rather than continuing in the same direction, lactating females tended to retrace their steps. Eleven of the lactating female angles were close to 0°, but ten were close to 180°, producing a mean inter-phase angle of 171.1°±122.6°: lactating females were just as likely to turn back on their path after a halt as they were to continue in the original direction.
Consistent with an increased tendency to retrace their steps and not to continue in a forwards direction, lactating females showed a different pattern of usage of feeding sites than males or sexually receptive females. Males only returned to a feeding patch on average 0.14 (SD ± 0.46) times per 8-h day of observation (sexually receptive females, with fewer observations, were never seen to return to the same feeding patch at all). Lactating females, however, returned to a previously used feeding patch on average 0.46 times per day (±0.71). Consequently, lactating females made significantly more revisits to previously used feeding sites per day than males (independent samples t test: t=2.08, df=73, p=0.04, homogeneity of variance not assumed; the sample size for sexually receptive females was not large enough to include them in this analysis).
This means that males often continued moving in the same direction for two or more phases of movement, although they obviously did always turn round at some point. In a search for clues as to the function of linear ranging by male chimpanzees, we examined the activities performed at the points where these extended co-linear phases ended. The distribution of activities at termination of the 95 extended co-linear phases was very similar to the distribution for individual movement phases for males (χ 2 =4.19, df=3, p=0.24). There seemed, therefore, to be no special activity that males performed at these end points.
Range use
If there is no special activity at the points where male movement finally changes direction, do these points occur in particular geographical regions? In particular, do males at Budongo use peripheral areas more than females, as is known to be the case for other communities of the Pan Fig. 2 Activity at the end of movement phases. Data for male, sexually receptive female and lactating female subjects are shown separately. Feeding is shown as dark grey, inactive white, social activity black, nesting pale grey (note that movement phases were only deemed to end in nesting behaviour if nesting was the sole activity undertaken; if any feeding was noted at the same site, it was recorded as a feeding site) troglodytes schweinfurthii sub-species (Chapman and Wrangham 1993; Williams et al. 2002) ? We treated the outer 55% of the known-range area as peripheral, consistent with range use estimates used in other studies (Wrangham and Smuts 1980; Boesch and Boesch-Achermann 2000; Newton-Fisher 2000) . Of the 37 phases of movement that ended in the peripheral areas, only five were made by lactating females, four by sexually receptive females and 27 by males. Lactating females use peripheral areas less than is expected by chance and males more so (χ 2 =6.13, df=2, p=0.047). Even in peripheral areas, however, the activities in which males engaged before returning to central areas were not clearly different to those at any other 20+ minute halts (χ 2 =2.45, df=3, p=0.48). Where extended co-linear phases of movement ended in peripheral areas, males fed at 17 locations, but at ten, they did not: in three cases they showed some social activity, and in seven they apparently did nothing at all.
Males might be attracted to the peripheral areas to feed on better quality or larger resources, so we compared the patch quality at points where males change direction after feeding in central areas versus the periphery. There was no difference in the mean patch quality whether these turnaround points occurred in the central or peripheral areas. Mean patch quality was estimated as 159±156 'chimp minutes' where males turn in central areas, compared to 207±208 chimp minutes when in peripheral areas (t=0.88, df=23, p=0.20, ns, equal variances not assumed). Patch quality estimates were not affected by party size as the mean party size of males feeding in central and peripheral areas was similar (mean party size: central=6.2±4.2; peripheral=7.9±3.2; t=−1.53, df=150, p=0.13). Males were therefore not obviously attracted to the peripheral areas by larger food patches.
Extended co-linear movements by male chimpanzees that terminate in peripheral zones of their territory, but not at feeding sites, might represent 'border checking'. Male chimpanzees of the Sonso community of Budongo only rarely engage in boundary patrols described at other sites (Reynolds 2005) . Nevertheless, we examined the detailed behavioural logs of the ten co-linear phases that ended in peripheral areas without feeding for signs of patrolling. One of these logs was indeed suggestive of a boundary patrol. In this case, the males travelled silently and in single file to the outer peripheral area and, upon returning to the central area of the range, successfully hunted a black and white colobus monkey (Colobus guereza). On the other occasions, the travelling party made vocalisations at the same rate as when in the central areas (Fisher's exact, p=0.52), and no indication was observed that a boundary patrol was in progress.
Did lactating females only turn back on themselves when they were approaching the edge of the central area, in an attempt to avoid the potentially unsafe peripheral areas? We compared the shortest distance to the central area boundary for travel phases where lactating females subsequently continued to move in the same direction and those where they turned back on themselves. There was no difference in the distance to the periphery when they turned around or when they continued to move straight ahead (mean distance from the central: peripheral boundary: when continue straight ahead=348±218 m; when turn back=365±201 m; t=−0.39, df=84, p=0.70). Lactating females do not turn back on themselves simply to avoid entering the peripheral areas.
Discussion
At several chimpanzee study sites including Budongo, males (and sexually receptive females) travel further than lactating females each day. Here, we aimed to go beyond this summary statistic to discover how males and females structure their movement paths and how those structures influence their socio-ecological strategies. All individuals spent approximately the same amount of time feeding each day, and all started their day at about the same time, but males had longer days than lactating females, spending a significantly longer time travelling. We operationally defined potentially important resources by the criterion that the chimpanzee should halt for at least 20+ minutes. The distances that lactating females travelled between such resources were not different from those of males and sexually receptive females. Lactating females travelled to fewer potentially important resources per day, however, hence their shorter overall travel lengths, and spent longer at each resource than males and sexually receptive females. Males and sexually receptive and lactating females moved at approximately the same speed between resources, and these movement phases were consistently linear in all adult sex classes.
Our analysis of the angles turned between movement phases revealed that lactating females differed from males and sexually receptive females in how their phases were arranged to construct the overall path. Males and sexually receptive females retained a 'forwards' heading significantly more than did lactating females, i.e. they continued with the same trajectory after leaving a resource site. Lactating females departed from resources with a wide spread of headings and were specifically much more likely to 'turn back on themselves', i.e. retrace the route by which they reached the site. Lactating females therefore tended to move over a smaller area of the community range, usually remaining in the central areas, and revisited food resources previously used in the same day significantly more frequently than did males or sexually receptive females.
The movement phases of lactating females almost always ended in feeding, so lactating female movement can be considered to be food directed. We therefore conclude that lactating female chimpanzees behave as expected from optimal foraging theories.
Lactating females did not turn back on themselves just to avoid the potentially unsafe peripheral areas of the community range. Repetitive use of small areas allows females to maintain detailed knowledge of an area (Williams et al. 2002) . As shown experimentally in domestic pigs (Laughlin and Mendl 2004) , individuals are more likely to remember and use information about foraging patches when the cost of forgetting the information is higher. Given that lactating females are under high nutritional stress, it is likely that their need to remember the locations of food resources is high, and this favours a strategy of ranging over smaller areas and revisiting resources of known yield. Lactating females may also be restricted to using smaller areas of the territory due to feeding competition from other females. However, the females of the Sonso community are thought to be more gregarious than females at other study sites of the P. troglodytes schweinfurthii sub-species (Reynolds 2005) , so the impact of female-female competition may be reduced here.
In contrast to lactating females, sexually receptive females exhibit patterns more like males. This suggests females change their ranging strategy depending on their stage in the sexual cycle, either due to male coercion or to simply allow the females to find and associate more freely with males (Tutin 1979) . When females are sexually receptive, the need to remain with suitable males presumably outweighs the nutritional costs of forgetting location information and expending energy on travelling further. The movement of sexually receptive females therefore makes sense in terms of male movement; the question is, what determines male movement patterns?
The extended co-linear paths of males are not explained by reaching larger feeding patches. Long, linear movement paths have been noted in males of several territorial species (Ramos-Fernandez et al. 2004; Janson and Byrne 2007) . That male chimpanzees tend to travel in this way is therefore consistent with the idea that they have to accommodate defence of territory as well as efficient food acquisition into their movement patterns. Male chimpanzee reproductive success is at least partly dependent on how successfully they defend the community area, with large, well-defended territories attracting and retaining more females (Williams et al. 2004) . Cooperative boundary patrols have therefore been argued to be very significant for chimpanzee reproductive success and are seen frequently at some study sites (Wrangham and Smuts 1980; Watts and Mitani 2001) , but they are rarely exhibited by members of the Sonso community. We therefore interpret the Sonso males' extended co-linear movement phases into peripheral areas as a novel form of territorial defence, an alternative sexual strategy to the boundary patrols observed elsewhere. Instead of showing two different kinds of movement on different occasions, i.e. food-directed movement and boundary patrols, males in the Sonso community often appear to move according to a strategy that serves a dual role; to reach food resources whilst at the same time monitoring the peripheral areas of the community range.
1 This 'border checking' hypothesis needs further testing, and in particular the ecological factors that determine which strategy chimpanzees adopt at a particular site need to be determined.
